
AD0A090 788 PANAMETRICS INC WALTHAM MASS F/6 4/1
BETASONDE 11, A ROCKET-BORNE PROBE FOR ATMOSPHERIC DENSITY MEAS--ETCfU)

SEP 80 B SELLERS, J L WUNERWADEL DAA29-76-C-O041
UNCLASSIFIED PANA-AIR-5 ARO-13B70.1-BS NL

U f/lfl..h/hIA/
IIIIIIIIIIIIIIl~lfllf
EIIIIEEEIIIIIE
IIIIII



PANA-AIR- 5

.1, A LEVEL
BETASONDE .1, A ROCKET-BORNE PROBE FOR
ATMOSPHERIC DENSITY MEASUREMENT IN
THE MIDDLE ATMOSPHERE

Bach Sellers
Jean L. Huncrwadel

Pananietrics, Inc.

221 Crescent Street
Waltham, Massachusetts 02154

September 1980 IDTIC
Final Report

'aC7i 2 3 180 ")

. F

GEOSCIENCES DIVISION
ARMY RESEARCH OFFICE
RESEARCH TRIANGLE PARK, NC 27709

This document has been approved
for public relerwte cad sale; Its
distribution is unlimited.

.17



UnclassifiedI

Atmosheri DLSSFCAIN oSyG MesueontDos nta 7-3 e 9

2. ~ ~ ~ ~ nca GV caa N 1141IETSifiedL loed

Atholer i party peuer niit ed o an tupsh e IUnt Ma t 076 30 s.2 7

1 Nldl Atmosphere.t

* I? OITIUTO wu S TAEMN S.1 CONRATO Coal..~ r.fee onSee 0 I kIsjI IvnR~

IS S LNTY NTEs

Wat, m MA 215

AtmoRsperch densiy
Betaray TeringPakNC2791

hpprodes inad for hrli elat~ istribast i on he-1imtc a- ray fr Wdcato t r jo

dISI 1(51 o i in pat i pert te o~r. F tit aiypro c ofrtacy Ui(t' d t lt ct

17 luc DITIUIO SAEMEN (i. th g abtaoae Inea 9c 0 ki.n I"epflgt) mdl i vrl

fie alLiltl * and shul chiqnotb osre sa offericitcn alfr a l ic ain if t of tet I

Armytosi ion, polmy are dics e. io uness -in yo e ou eta
DD I JN?)17-DTO P

1
OS SSOEEUc sfe

19.~~ ~ ~ KEYRIT WORDSICA~n (Cnt. TaI side If necesar an ienif brbocnmbr

Atmopherc desit

Beta-rayI sctern



FOR EWORD

The Betasonde was originally developed by Panametrics, Inc. under

the sponsorship of the Division of Isotopes Development of the U. S. A. E. C.
(Contract Monitor: Mr. John C. Dempsey) and the Atmospheric Sciences
Branch of 0. N. R. (Scientific Officer: Mr. James Hughes). Several launches
of these early versions of the Betasonde were carried out at White Sands
Missile Range, under the supervision of Mr. Harold N. Uallard of the Atrno-

spheric Sciences Laboratory.

The advanced model Betasonde work reported here was supported 1by
the Ariny Research Office and was monitored by Dr. Arthur V. Dodd of
the Geosciences Division. The objective of the work was to develop a flight

model of the Betasondc for integration into an Arcas rocket payload and

application in a middle atmosphere flight prcrain at White Sands Missile
Range. This objective has been accomplished and the sonde is now avail-
able. However, the WSMR program in which the sonde was to be used was
discontinued during the fabrication phase. Should funding be available for
a flight progran of density measurements up to) 100 krn, the Betasonde

could be integrated into any of a variety of rockets and used for the purpose

int ended.
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1. INTRODUCTION

1. 1 Betasonde Development Summary

The importance of air density measurements has long been recognized.
Furthermore, the importance is increasing due to the necessity of observing
and forecasting atmospheric variables for re-entry, SST and other high per-
formance vehicles. Under sponsorship of several Government Agencies,
Panametrics, Inc. developed an Arcas borne sonde that utilizes beta ray for-
ward scattering for density measurement up to about 60 km as shown below.
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Figure 1. 1 Cross Section of Original Betasonde Showing Density
Measurement Concept

Essentially, a shield is interposed between an annular shaped beta source
and a detector in such a manner that no direct-path beta particles can be

detected. In the high altitude region (> 20 kin), the detector counting rate

is then almost linearly dependent on the atmospheric density, since only
air-scattered particles can reach the detector.

Under AEC, ONR, WSMR and ARO sponsorship, there have been three
niodels of this device designed and fabricated:

1) Original Betasonde

2) Low Background Betasonde (LBB)

3) Betasonde II.
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The work is detailed in References 1.1 - 1. 3. The original Betasonde
used standard size geiger counters (which had a substantial cosmic ray
background effect), whereas the LBB used miniature ones (the same type
used in discovering the Van Allen Belts) to reduce this effect. Betasonde II
uses a semiconductor detector, which has a very low cosmic ray background
effect. It is the subject of the effort described in the present report.

All three were designed for flight on an Areas rocket, and when inte-
grated into it, appear essentially as above. The density measurements
are made as the sonde descends by parachute; hence, it is recoverable and
reusable. As the work has progressed, we have pui;hed the upper altitude
limit higher with each model; Betasonde II could require use of a boosted
Areas with an apogee in the 90 - 100 km region, provided a sufficiently in-
tense beta source is used. Results obtained with the original version are
discussed in Ref. 1. 3.

Modification of the original betasonde to use the miniature geiger
counters was funded by White Sands Missile flange (WSMR) and ONR. It
was flo\&n very successfully to an altitude of about 65 lkmn at WSMR on
April 23, 1976, and a report (PANA-AIR-1, Ref. 1.2) is available. Those
atmospheric density measurements are included in Ref. 1. 1 (Figures 3. 1
and 3. 2, pg. 23- 24).

During the development work on the LBB we became convinced that
the technique could be extended to the 90 - 100 km region by use of a semi-
conductor detector and a more intense beta source (, 500 mCi). Following
submission of a proposal to the ARO in November, 1975, we began work
on a planned three-phase Betasonde II effort:

Phase I - Research and Development

Phase II - Design and Fabrication

Phase III - Flight and Data Analysis

The AlZO funding was for the first two pla: 's, with WSMR expected to
fund the third phase. Near the end of the second ph; se, however, we were
informed that such atmospheric research can no longer be funded by WSMR.

Our progress through the first phase is detailed in the annual report,
Ref. 1. 1. That work is briefly summarized in the present work, alone
with details of the design and fabrication work in Phase II. That effort

has now been completed, and we could undertake Phase III work at any time.

That work could be described as follows: the instrument must be
integrated into an Areas payload for launch at White Sands Missile Range
(an alternate vehicle or range could, of course, be used), calibrated at

-- i , i, , II I III I2



both Panarnetrics and in a large (40' - 60') chamber in ordeIr to verify lit-
high altitude (> 70 kill) portion of the calibration curve. The proper inten-
sity beta source must be procured for this work. The! Bet asondt! 11 s hould
then be flowvn to the SO - 90 kil recgion at lea st t wice-, and thet analyt ical
fitting procedure described in PA NA -AIR -2 (P ef., 1. 1 ) should be applied
to the data. This will form- the basis for rouitine dlir oct mneasur ement of
atmospheric density up to at least the 80 - 90) kmn region. ReOports w"ould
be prepared and the results published.

Wt w-ould like to0 point out that , due to the( de V eli pnent of lo-wer n (1 se

semniconductor det ect ors , thle possibility exists that this t echnlicije C old d,
in fact, be extended to the r egion slightly above 100 kmi. B~ut We- believe
that SUCh a fIlrt her development, if desir-able , should t ake place only after
tost im-, Bet aseileo 11 and deterinining its upper- alt ituide limits.

I.1L. Detailed Description of Betasonde 11 Work

Tlhe Scope -of- Work for the s ubject contract is as follows:

T'll, Uootl raier0, ats anl independen-It. CenItf'L I racier and net as anl ;OI~IIn 01
theC (-1VCe rIInenIt , shll pr-ovide the netcessary manapeot nt, tacilitics ,
vi~ck- and mate rials, as requiried, to accomplishl the( rcec h pro ,eict enl-
tit led "ATMNOSLLERIC DENSITY MA RE NTIN TiIE IDDI~~LE AT IO-S-

l 'LIKRIC'n acodnewith the Contractor's proposal dialted Noveniher I '75,
anid revised dtirjin, April 19~76 which is incorpoirat(cd as part of this coot ta"ct

I' t 't'' k r1et I. Th I(>CC I It iL C to r shallI uts( th t1CIype'S, 0 1 Iper Sonnel ' Ii St Cl in 1FX-

iihit A, Attailici, at approximately- the leve(l of effe tt sL;tted. Ther1eCel
to hi' Co2tC(i WNill in~IdOill huit wVill not lt'ci55s rily he. lillfltec to) tilt,-n~
anld tanrIIkicti 0i atl inlSt 1*1111elt (Itjljint2 betal ra;diion to melastlre tni

pimeic enst(t .11n ele\tioe~l' o 101 timrtti.lm I let ' I Ie tv

1sea ! e im ot\l\ t- ill\ esticl,'ti~ti Ot -StISflactery le(t;l ra;diatlionw l t , !t'i

t~~cti~~'o., 11p1ace sit i oin kcliamtll i'rs wvill I)( Iuse-d to t~'m~r mt

tilt, h'tsi Is.l i.k to 1eta rIoLLiatimmn. ''!e ilt - Icstllts, a mm~i'

lis , I lie \ or Indoil. tc his, C omt ract WaIS (liv ideC ciTm 0 tw\\o pita s (S , as (It -

sc-ribe d above, an boci1)thI have been success fn liv e omplt ('(.

S ectimon "I contains a los cr iption of t he enet ho0( of de~nsity em easm-ir c nt
u\ise of beta -ray forward scattering. A techniquet is pr esenut ed for tti -

lizimci anl entire array of density mneasurenment s to dleterminle the opt imittil
fit to anl analytic alttitutde dlependent profile. Nivensuremient s m a de witlh
hel, ,o-w ilaekirotnd Betasoncle are us-(] ito denlonst-afte the i t'chlniqiit'.



The design and fabrication work on Betasonde II are detailed in
Section 3. As discussed in Sections 2 and 3, calibration results for
Betasonde II yield similar density sensitivity to that for the LBB, pro-

vided the same radiation source is used. For atmospheric application,
the principal difference between the two sondes is that l3ctasonde II has
very low cosmic ray background sensitivity, and so has a higher ulti-
mate altitude limit. To apply Betasondce II up to the 80 km region, it
will be necessary to obtain the proper beta source having strength of

about 500 mCi. The basic specifications for Betasonde II arc given

at the close of Section 3.

Secti, n 4 contains a short summary of results accomplished in this

program and the conclusions regarding potential application of Betasonde II.

2. AFNIOSPIIERIIC DENSITY MEASUREMFNT MEtTItOD AND RESULTS

In this section the basic concept of measuring atmospheric density

I)- se of beta-ray forward scattering is sunnmarizcd, and the accuracy
that can be expected in any sinle neasuren ent is presented based, essen-

tially, on the statistics of the counting process. In any actual flight of
the sonde, there would be a long series of such measurnicnts. Thus, re-
snits are next presented for a method that uses all of the ineasureiients
to find the best fit, in a least squares sense, to the usual exponenial dCe-
pcnderice of density on altitude. All of the results in this section have

ben given previously in more detail (Ref. 1. 1, Sections i and 4).

2. 1 Description of Method

The measurement of atmospheric density by beta-ray forward
scattering relies upon the fact that, at low densities, the number of par-
ticles scattered by a gas surrounding a beta source is proportional to
the density. The source and detector must be arranged in a geometry

such that the particles can only be detected if they scatter from the gas,
as in the forward scattering configuration shown in Figures 1. 1 and 2. 1.

The single-scattering count rate Cs(Et) cps of the detector for the source
s andi detector en ergy threshold E t (the energy above which all clectrons

aro countcd) is found by integrating over all scattering angles 0 into solid

ali1cs d512:

C ,' ,V , ,nN /N'I) H (l; )1 I'/!x F .(ll' ? 1

illre atin ,sph('ric iI+,nsity, g/cn
N AoLA;Ldr(o's n111nd)('r, .02 x1 0. ' Il, :l,,s/,.- m ,.(1
N >iolictilar weight of atniosphe:-,. ,,,- 11o

n1 numiber of atmospheric atoums/inol l'cutl]

( ( c 2lat oln



fi(3) 7 (Z r- /)/i 4

(7~r 0
2r 4) Sin- 4 O/Z cm-2 /(sr-atom)

i- v/c -- ratio of beta particle velocity to that of 1i-ht
Z . atornic number of atmosphere
r o  classical electron radius, 2. 8 2x11-1 3 cru

S', (.t) z total ernissiom rate of source for larticlcs of eneray
greater than Ft, ji/sec

B,5(E) S spectrum for beta source of type s. normalized 1o unity
from Et to ' , J /kev

F. kinetic energy, keY

The cross section du (F, 0) for scattering of an electron of energy E (in the

energy range of interest here, 150 k eV) though an angl,' 0 is given by Evans
PRcf. 2. 1). As shown above, it is separahil into two functions, thc first dce-

pn(ing only on Q. and the second Only on . Thus, as shnwnm, the ('un

rate is proportional to p, and

C s(E) = K s(Et )p cps (2 2)

.leirly, K defends only on the source, detector and gueometry charac-5

teristics as given by the right hand side of Eq., (2. 1). It can be determined
analytically for any particular beta source and geometry. This has been

done ORef. 1. 1, Section 4) with the result that for those sources presently
available, Pm -147 is the best choice. It has a suitably long half life,

. years, and a maximumi energy of 225 lceV -which is sufficiently high
!hat about half of the emitted beta particles have energy in excess of the

40 keV threshold E L (See Ref. 2. 2 for beta spectra). Thus, for h

Seaf/tl (' F =,

Collision with

atmo(spheric atom ""

hIiel pa rticle

SourkXe CS1 ield.

Fi .ur , Z. 1 leta-ray Scat tervin ,, (Coufiguration

I..



preCsenit sy st Cii, wt, believe that Pin-147 is opt imluml It %v'ill pr ovi(I a
mclans of e-st ablishing the utility of the betasonde for the upper port ion

of the middle at linosphier C. Results obtained by flight of a relativelyI

intensit v Pmi-I47 source on the Low Background Betas oncle (LBB31) call

be used to est inlatte tile accura cV that would be obtained wvit h higher in-

tensityv sources. Betfore dloing this, it is necessary to discuss the cxpc~i-

mental calibration pr ocedure by which K Scan be deterimned for a particular
SOndeIL 11nd source.

A differeonce between the present sondle and the I,131B is fhat a sigtnif-
iant wall effec-t is present dlur ing calibhrat ion inl the Pa na inet ri c c han hAer
(about 2'x)' ). This was not experienced by the LlBB due. We, believe, to
ti.l e xtremiiely collimnat ed geolflietr y of the geiger Counters5tin~le<
Ihu Iiiq.1oiniz to thc 5 elic12onductor let ector s cau s es a sig ~nifi cant inc reas5
ill oti\ ail efficienicy, bilt also produlces a xvall effect in fit. smiall ( hitieliir.
Thill s ic5 nt at V-ct thle (cet ermiliati on of the( c onstal 1K , -lltc if is th14

slo e of thie counit it e vcrsus loils ity curv'e. It dues ii'. ean ,c'' ovr, that
oorder to obtain aix actual ,-alibralion (-ur\'c at densities les-; than, thiat

t,(lI valIeoit t o ahmilt 70 ki, it wvill bet nec ssaV\ t o usek a 1 uch I Ia rg or chIaItnI-
b-r. Such clambers ark- available at NASA I ;lrvclev P escalrcll (iit r floth
Nt 0nd I0d) lia II t-tetnr sphcrcs ) anIId have bee 1)c0 "I ed preisl c1 vf I. ofi
btta~olildc calibration wvork.

ceit iS s t"a'1l i sh (d that a cal ibr at! 1 l n laSUY em tilt 
1KS. in a sn)Ila II

Chamlber 1leads; to the( samle result as that obtained in a Iar.,v chlamlher - :n
whlichi thlt v-11 al ffect is mnuc h rk educed - it is nolt thenl nec e Ssa ry to r cca Iib -
ra;tl in m t h rgOL clham her unless the source c-d oe ctor- lilmetr v is c h ingd

in S )inc s iognific ant w\ay. R athier, a value of K5 can be car-efully in iasor ed

in tilts iall c haimber in the z ! (tO kmn r cc ion, wvhoci- the wall effct is t oily

a iractiton of total ciount rate, even in the( szmall chamber, and the t alibrat ion
C1urvet ftti lixii',er altitude's Canll O obtained by extrapolation. This is possible
hkec dose silnl e - seatter ing is by far- the domnina nt eff ec for- z '- 40 kin, hience
flit cci lir at ioit vo is1 extr cm lv linear and i t- couint raite ver s-i s en 511 v

i\, !,iv rigorously biy Eq. (2. 2).

T I I Is, thet cal ibrat ion re(suilts ini tihe sittll I tlainitt-r c-tii uisd toS(1 1

c tiiicito -thec accul-acy olitainle at high alt itd-s and withla ntlitt

1*1.souilre stl.oiti'tli 11 if tilt same ic ni~ a 111 i.!1.Pm 1 1-1 hlt stit 1) U

Il Itinl fvlnTI tir h i'tv "' ackgi-ound Ilotast("Idil (B 1,1 s lilScaSul- ed

S 1K 1 . ( x 1t Is- 2.- l
S t



for Et50 keV. The slope of the count rate versus density, Eq. (2. 2), was
measured in the geometry of Fig. 1. 1 to obtain the calibration constant

K (E 0.93 x 10') c 1 ;/(g /c n 2.4

(test source)

for heC Source ilot ensity (2. 3). The efficiency of Bet as onde 11 was found

to be somiewhat better than that of the LB!B, but for purposes of illust rat ion,

wve use the LI3B calibration results.

Now, the fractional statistical uncertainty for any count rate C measuired
s

for a time ti~sec) is given by (Ref. 1. 2)

AppC:1\/ t Q2.5)

By list. of (2. 2), this is

App K (E )pt (2. 6)
I t

This shows exlplicily that the statistical uncertainty is afunictionl of the
threhodF~ tHr IT-1gh the calibration constant )Ks (Et). Of colirs50, K. i as

pV( )rt ioal to the source str ength Ss(Et ) through (2. 1). We believe that a

sourfce of int enisity about 5 timles higher than (2. 3) should be obtain (ed to use

l., I he fir st ti igtit source,

S (E ) 1.38 x 10 10 /sec -- 373 m)Ci, (2. 7)
S t (flight source)

for '\IlikI1i

K (E )4.65 x 10' cps/(g/cio).(2 8)
(flight sour( e

7



Now, by usc ft the standard attnosph cre densities (Ref. 2. 3), F(Is. (2. 2),
(2. 8) and (1. 6), the following restlts are obtained:

Table 2. 1

Estimated Fractional Statistical Uncertainty for Betasonde 11
and First Flight Source (S s  373 mCi)

z p Cs
kil _/cI cps t 20 sec t 5 sec t = 1 sec

60 3.1x10 - 7  1441 .006 .012 .026
70 8.x0 - 8  409.2 .011 .02a .049

80 2.0xl 0 - 8  93.0 .023 .046 .104
qO 3 .2x1 0 - 9  14,1) .058 .116 .259

100 S.0x1 0-10 2.3 .1-7 .205 .(59 i

The uncertainties listed in this table are, of course, the minimiun that will
occur for the indicated count rates. The actual total err or will be slightly
larer due o som.c (as yet undet ernlined) cos mic ray effect. This is ox-
pected to be e'xtiremlely small, however. ,mch less than in Iht. h II (,H.f.
1.2).

A typical rocket payload spends about 20 seconds within a 1 kml
region near apogee. As noted above, this allows a very accurate mea-

surement of the density in that particular region. But as the payload

descends, it initially gains speed until it is slowed by entry or, if the
payload is to be recovered as for an Arcas, by a parachute. There is,
then, a region in which the speed is high between apogee and entry.
In this region the individual measurements, if assigned to altitucle in-
crements similar to those at higher and lower altitudes, are less accurate.

Thus, a procedure has been developed that utilizes all of these measure-
ments, with their associated accuracies, to define a density profile.
This profile is, effectively, "tied" at high and low altitudes to some very

accurate measurem1ents, with the mid-altitude portion required to fit
the less accurate data in that region and to fit smoothly with the profile
for the other regions.

In the following sub-section, this proccdlir e is su nn rii-cd, ;nd

it is applied to results for a IUM',II flight to dc-monstrat , its applilicability .

}8



2. 2 Opt itniinai Analytical Fit to Altitude -Density Pr-ofile

2. 2. 1 General Objective

As is well known, density O)(z) is aiixitt~v. ~~nlt~t
dcioasing function ot altitude z:,

whocre 11 is the scale liipi and the valuo of p at z 0. In fact, sui ht ;lt
.t~poltltinis often niadt' Use Of (Ref1. 2. -1, p) (i/) to prov()ide itnlvoticali

Io iretsoentationai of mlodels, for use in aplctoswoesuch an llpt~o
is,- n t0 o c avnetthanl is a long In hula 11011, for xaapewh ca ati
taltioti is to I)c iuaal that rc(1 it rS a coittillilmis Icrt')rsclt'tion ye osas nfl-
tI d 1. '111 reCsIAlt isc rlv prov;ided1 ill ,V. - af tc l; ck(1fic a 1 ill 1

j~k)W~r I~xlpalsiufl for eii z. cIu ev tla a ini -

C011tli also 1)c uselail1 tor Ceprtesentiilg theO (ilta frtia .nl (ictcraaiiitll
01p~)l~oilin palrticlla r, 10-0111 ii I-iCkLt ]aIaaLt tllo 11aII s thalt ()I 1tlai-

S md ot 110I, tilt, iflst 00110 it dteveloped under Ilhe pros ent contract for air
(ILIlSit V tltI~itroIIItoIIkIt tip to at lvast 80 ki Iby Iota r~t\' 10own rd saiia

I 11Co-I~c~rua)1tiont(tB is ano her\lili Art
hLt'11 (it i nli O Sigllcdl pri ncipall y It] I flea si t naeit )t1 1)/) hot \ ,tot

0 ~ ~ 11( iwt L ad t kill The li roct otplit 't to ( at a rt I utO ( p ' tidi i s 1

'lt thlt'tiott of intli\i(Illnll densities P.(z) and aIssociatted stattistica .111oI
I t ilIIt i k.:, _\ pi ( Z) , \- 0 rsus \i. W l.on ula k ia1 150 I os l , da; tI ifI tItIi s t ype i I Is

l'itt riialy not pits!;il simlpl\ IL iiiter pohito le drcctly 1bAetcee \1tlltt:. In thlt

taiI lli ltion. Tho' 1reat son is that thlt poi lit,, oa plotte-d ,will ,110 rilt1t Ily
sho anli tliou I t ofI scaittter1 c onlsistenI)t withI theIcI )( tc r t: aIos 11 ta it :
ntI.r t o uist, such data it is necces sa i'V to d r.w ;t host -fit curve tif st'i 1t,

t I kill t Ie plot (usuially simpllly byV eye). Vailues aIre thenl readl ofIt tilt-
11ire ad assumeid to haive ;In unlcertainty consistent .ith tat oit tho stn-

Ii stical Ap-(Z) , and al,\ additional systemnatic er ro rs, inl that a ititiarl rt-
( '1 lea rly, then, dete rmination Of an opltimumlll analytical fit tooi a t bl-

til.tion would so uvec two purposes. It wo~uld pr-ovidec a fra aebu
till ing the data, and the resulting, analyticztl fit would jp~tjit ,id atutil
IIItasenlt liion fo i coltpltationll1 po rpOtSCS

We. will w;(- theu results of a launchI Ow 'Ii LI at WhiteSkit \t

silt. If o t.g at 1-( :01) :00 IT oil April 23, I971o Pecf. 1. 2) to show I." t It
atliclfit tii, 1t tall lit ttttainett. Virst thet Luwnt-Il 1a;tlieitiu I'lItI

; pr tt il id this is tolloweil hiv tit dtle it tttalttt i

apjyi ' I t til ()f Ilic a pp roach t h e t1u0 k Ia LIti 'ii thIt I alitI t t t:it.



22. 2 Mathematical Approach

T he di vi atio n of (2. 9) f ruli allt xcct exponut al Il an t t a 1ell inito

ie C olilt b)y a llowVing the scale heighit H to bC a t~Lte t iL Of ailtittldt' (-V( r

the aIltitudeI( reg'ion tIpI to al)Ott 100 kill, 11 is ]lo1 t ijiiI (t' filit .1I1 z

anld should be relreeletal(e as a simlple fIlinetiun (Ihis, is e~.tc

is (done inl the standard approach to inodie lttl Po'. dili 11,; '11" 1-

suilt H(Z) is Zi phyIsica-llV meanL~ling"fuIl v Lraxictt r, ellt t
illi I01' ;! j*(1 :iiil-

VtiLed] lit thlt (lepoenfcc oill z call b)c ('xpvctetoI ge with -llodt I I- 'lat;

p'titiclat 1'ctltitivlic ''il it is thenl colivelinelt, anldaplnat .r

\ler t, z i S t it (: ptc if ied ) 11111111 l tIdco i .I-cpl l' va lin

of t"at z ZO anid f1(z) is anl "averatge" value otf Ilkz), ;I c elltiby fit.e

fitt igo pi-oceduir e. Thus, once, 1, and (.)ar-c fouind fri-n) thte proc tflutr ,

the( ana'lyt ical reslilt(2. I 0)represeynts the en1tir e a i-ray of in j c dir~ ut-I].-ity

protfil e data, which are in the fornip and statistical en cctita inty -A, fur)i all

N altitutdes zi Th e proc edur e is used to nun n ix e tlit sotf the in anl

squiared fr actional deviations Di of all p valiies, cal ckilf ii from (.10) from

the measured iresultspi

1) (p1 - -) Pi).' ]

Ini order to iieteri-nint how well theC fit has 50('1)ia~' (Jill.'' the(

',ti-ll its k-ortplete, it is useful to cf-ollpit .', tWo Tjilttis hte fi r:t i!

tilt 1-!s tin ik- t ail v A M of the N valt'5 (A* ftcl oii di I iit il:iiit y A, 11ill

(20,



W hit'l iS te '' HI ' (IViatiol of) the(. p(z1 ) 'ah ', :iA'. i d v me '. 'Z 10
It'!FFi theL 1ILZ.2I~( \iat1'5 i) If all l1lciit,U'.' 111(1in: ' 'C Fto;dt ' 011, Ilk-

kiel -I cIL: II 1 1), tilt' r-Ztlloll VZar1iatiOlns ill the 'l. ;ll 1'ed J): * 'r ti
j ,r (l dV t) t he CstatisticalI it at t~ 1--Of t he Il'leC !- (I('( a', )r'es! thatl''wL
htL' emissioni. T~he values of p) al-(e (I1-ib i t(! inl at 11 k(j,' i~ o
Ia .W hi "hI the f ra Ction1al S ta ld it rdl de(.V iait io I of the cII n'l I a se ci' I. k -t

I- Ca dii~ \10S W0 11d he iVen1 b)y ( 2. 12 ). ThecP l'er 'son cIIti *- '.. r e(IF ti.'

readily be, applied ill such ciFcutiJ.staflce.; to vl'tterin;1:1 ho.V VVell t!he ):).-

sn It1Ceent11S fit the( di St 1-i bUtioll a S '.u'neCl .i Fe - 1, hoe OW r%01 , WeC :t rte Fi I i ! 2
%Viti'. t1e C0Impa i-Sen Of aI best. analytical fit (rathe, ta F 11 tIFw'1 t1 (.e1 ~,'s

Iat I I Is' rCInII t-i) t o the iI A i vid Ilt 1 i c e s itrteIneIt11! t IF )I whI i kyjIetIte

tIn' s jlitl (Ilt'.' renlt becas it it-;cv c hia iewj i AdlditiifIOIIF stanel ,l'.o' js-

pl'. it'i va i~'lit will exist that cannot be hiterid bV ;L Si.Flle111FF' t j(FF .i'.~
'IS( 2 .O ),ilh o lit itili ll '.'flcalistit'OI\ 1 . Fc FiFFFilFFI of vit'iil 'l i inl I-(Z), all2:

\\i ill inl itsel!f cseAt. to eree I\. ia , lit llis ti' SF' W' F expicl

A~.~ ',' Indm \v 'k cil an coneIk ode thit the t.il iS' FtSle' Fi' i 11te dlfF'I*, 1). 4, 1..

Thus, thet [F etcetit'. Fe he is tFo lifln till' 'OP 11b':i~t ,o :-jIl Fe F '-

ttmin)i of I1(z) ilat will prodiuce V'ith'.a A~ thalt i:i ;t, k. o tA cl
A lit inl Whichl At: k A< ill wvou'ld not t' re e t 1 tc 1:1e ,es il.; k -. 1f 11 ()1,-

Ilti I' I b'!,! I ii~i a !2 1 u JCie litl I (Iil~tFv( lF icj) co; m rt; :~ Fii to,'-'

Ft S ~'nd o lt -'viiic- the randinf dh'viatllnS ill tie F F'li'.F ' ',;t i '

t h,- thiFFe t eF'. varlationl of P(V). 'J leitn';Ji L: F(S I.~ is

AcL FF11151 aIIJ) IFFFt :h A\1 forv Ow~ inlyica CtIi t to) rk'cp'1.e ilF'Fo I ('1 !

t '.bvtlit ion accept ably is not considered further her''. V :0 her, we- shtov. e-d
!et'. 1.2Z) that fits can be obt ained in which tht:dferut is sli~l iov:

r .3in th l ii'anner expectecd as te '-(nuiinher of A . in, F( 's.

F~or I t he fi tt s ed 1ie a setf of c ot't'i c i ent s A\ waS 'se (icri It iI i
%\ Il o,I wve repr. estIF' 11(z) ill all inverse ptflW er s''rli ,SF

A



a r:d j1 is thle liuuiiber of coefficient 8 A. cli os en to he uscd C (1. (:1 
to1ke til A. arc known, both pand can be found from ( ;. I l

PO (2. 17)

I1I en ce , a f it roukst be n lade t o (let L!ni il 0 e fo 0 1- 11 ill (.. -1 t d
( ' I ,), whic h t 1; (.n def4inies p (z ) f r on (2. 1 0).

2. Fl. t lilt Daia a iicl Dciis ity 'falilat ion

:Thtjl s o f 1 e Lov B ackg rou nd B, t a soli ( tl'l~ fii-i it un Apr il ,
I i'n ave ( rknt a i'aed in R~ cf. 1 . and pro vc 1 en! cd hrr iilyv it 1 lieet

T V5? feCera ~ic;)rI ion of th 1)cAboveI pr m. 1 ill o.

T ie A lrO it s O w i 1;1i 1C L. 1 tO ;l op Ill e Lh It Ill C el i l- 1j 311

1PIth. cftect ;ilo\k, Y') kin Ihi decwelt \'eleit\ i~ii': rIl a-ii( 3 .".

-ei. 1-0) 'kl i'o ibetwVeon 60 and( 30 kin. I lkn ve , r' 1he -w11!oo I P I Iee(I

,1c sI-c ii. S, WIfit ini I kill uf ap"ogee flL 11 I' " ill-, 1111 Lr dit' , . ii

'iihe oric heg liming" its ralpid 11cestell. 'In izS .11 Ilinnertiit 1.,

h* '.,;0u it alhi\VM the denlsity profle. to) hc t'ied du0Wr'" : hii., I oh,1t.

ie, OWv stieSOriche (heSCelit rate SlowVs ,,tli og ri1 i
ijata in each alltiudle rt.-ion. lienck., the' L'li (' 10dt'llO t\ pittib'l !otr l~w how

;L* ltiiv rkerion il. very accurll~th.iy defillt-l. 'Ih IW r~I la i 1Vr
L-, (ttSiiieii suich that it provides asinii.k 1. 0 \tlt !1it l!)it allllnid 11 ,

tI'.-all (pf these. factors into) acroimit.

1 he Bctasonde pllscs, ecc It 4 \Vhl :. rw

jr \iid) C(,r nS m.ldis to r t i t'lloi H) ;ill u ;It ,teo rt d iw: r

h.~~~~~~~~~ ~ ~ ~ ~ ~ 1111'l 2 tl ie i t "11c i ' w ir a



Table Z. 2 Low Background Betasondc Count Datta for April 97(,, 7 F]iLht

ZCKM) TM(SECS) C35.7 5.0 2890.
CTS 35.5 5.0 3102.64.0 5.5 80. 5•0 3098.

64.3 5.2 89. 35.2 5.0 3166.
64.2 5.4 850 35.1 5.0 3344.
63.5 5.2 83. 34.9 4.0 2655.
62.9 5.1 102. 34.5 5.1 3547.
62.1 5.1 99. 34.4 5.0 3628.
61.0 5.2 130. 34*3 5.0 3530.
60.0 5.2 1 33. 34. 1 t.0 3444.
59.1 5.1 156. 34.0 5.0 3666.
57.9 5. 1 155. 33.9 5.0 3q09.
55.9 5.1 219. 33.7 5.0 382"9.
54.9 5.1 240. 33o6 5 0 410'3'.
53.9 5.1 259. 33.5 4.0 3263.
53.0 5.1 279. 33.1 5.0 4097.
52.0 5.0 355. 33.0 5.1 4227.
51.2 5.2 376. 32.9 5.0 4359.
50.5 5.0 376. 32.t8 5.0 43t)3.
50.0 4.1 311. 32.6 5.0 4580.
49.5 4.0 361. 32.4 5.0 4735.
48.6 5.0 543. 32.2 5.0 4755.
4,3 . 1 5.0 502. 32.1 5.0 4895.
47.7 5.1 565. 32 .0 4.0 3944.
47.2 4.0 467. 31.6 5.0 5055.
46.8 4.0 485. 31.5 5.0 5353.
46.4 4. 1 495. 31o3 5.1 5316.
45.8 2.0 307. 31.2 5.0 5271.
45.3 4.0 650. 31.0 5.0 5406.
45.0 4.0 626. 30.8 5.0 5701.
44.2 4.0 683. 30.7 5.0 5707.
43.9 4.0 748. 30.5 5.0 5901o
43.4 5.0 1047. 30.4 4.0 4735.
'3. 1 5.1 989. 30.0 5.0 6338.
42.8 5.0 1093. 29.9 5.0 6418.
42.5 5.0 1124. 29.7 5.0 6332.
42.2 5.1 1197. 29.6 5.0 6350.
41.9 4.0 942. 29.5 5.0 6462.
41.7 4.0 1024. 29.3 5.0 6764.
41.1 5.0 1408. 29.1 5.0 ,708.
zi .8 5.0 1443. 29.0 5.0 6757.
40.5 5.0 1510. 28.9 4.0 5757.
40.2 5.1 1538. '-'b. 6 t.0 6895.
4J.0 5.0 1610. 28.5 5.1 7363.
39.7 5.0 1652. 23.3 5.0 i''35.
39.5 5.0 1742. 28.2 5.0 l4
39.3 5.0 1803. 28.1 5.0 7724.
3q.0 4.0 1507. P 7.9 5. 77K,4.
38.5 4.1 1574. P27.7 . 7901•
38.3 5.0 2007. 27., 5. 17T.
3 . 1 5.0 2086. : 7. ot 4.0
37.9 5.0 2228. 27 .:? ".0 84z'.
37.6 5.0 2241. P7. i 4.0 t ':,l •
37.4 5.0 2335. , 7.0 ).0 8401.
37.2 5.0 2385. )6o9 1.0 HP3,;
37.0 5.0 2400. 2t. 7 .o0 8719.
3t,.8 5.0 2545. ,,. 5.0 8675.
36.2 5.0 2808. 26., 5.1 3509.
36.1 5.0 2964. 26.3 5.0 ti91 4.
35.9 5.0 2975. 06.2 5.0 8892.



It is seenl that. the. colilits g(.11(. vlI iiw ,; natl' lt. r:e1 nts,
bec au se tilt niuiitbe r of beta p~art ikelevs st.i t tt. Nilc ihill( - 1"t' s tIhe de(It'l ;;ty

icl irea sts in thi s len sity re.'ionl Ill addlit I 1 tio t c(Icn -iI y i'.n'If, t htere
CLQ't st'\eral )tllw I factuors thait iist be takel jilt,) aic, mld inl dtert-inng

dciisitV f I N 'in tii CO(Int rate, (see! Ref. 1. 2 folr details if proCcudii rt-e

1) Circuit (icad-tinie, callsed bNw deald tim'i ill ;elIe I" ketuTA( 1-, zafi 1'

CounitingL a pulse (2,sc)anld a dead -lti inc clu imi t rundilted

Purposely to keep the Counit r'ate into tiet ttlm'jiitt l'y I 1.'inifl'itiI

f roin exc ('eini! its capabilitios,

)Cosilli' rlI ellect , ;I smal;ll, hillIeif~ n ut tt~td'ti

dent effk ct,

a d n( ) ti I Ik t1 s'l k. d bh0t's\et 'I c ;tLj :':It t 'II ;1.1(1 1 1 t.

F ,'~ t n . 1 f I I i , n S It a I l A Iti i 2 .1 w3 ta l l i I I 1 1 t I ! ( " > K J I i llI I f

i l al,, t h . -c l i i - I t i nm l a i i t a b l e ( t 3m , m il l d~I I 1111 1 1i .I 'Iu II a ? . / i i r m a e

J t i t i i s t h i t 2 1 . II , . I iuif , I t h c I I I I I th' i e m i ) In l l t ) t ( 1) 1 l I t i n I'l k t I '

I S 1 k l e i i 1 s t oI I a n d- ' (W .' .. k k I I I II t rI t e ( i k . : I ( L 1 1 1 1 t v v )u I " S ' n I I ! I'

etl C 0 1nt l'tI k (( *0 R1 'I1) '1ii' ck.osmue l r-,m kmin rI t I( I( I-;t) i - lit I

The last oft Ihe factors that must Ile taken into a coit is imnpor -
t ant b~ecaus e of decay in intensity of the ra djoact jie source, in this
case Pin-i47 whose mean life is 1 378 days. Es s :it ially , a calibrai in
curve t hat would be correct on the day of thle flight is iiriv('d "romn that
rek orded earlier. In the pres ent instance, thi tinn- laps c was only II
lays, and the calibration dat a ar1es shown inl TIable 2. %. I heret ark.2
points at vhich the denlsity p(g/mn' ) and the count. ra-lte, utmrremt:ttd fur

the dearn t ime factor, was as shown in Ci S/S EC,(. At h iw , al ue s f~ J)

tl'(- co unt rate increases- appr oxirnattely I inea ry h illt ;i s p i~n er (',I; I

the count rate incri ases less rapidly. At .!F I1Km p z,.40 ann tid ;t

;0 ]tm p ' 20 g/ ill Data below aboumt :1) l 1.1 '.''X In! a m! !IV. .d i

C t. I . 2 because vofl t he i oll-I i nea v nat (Ir,- it 4 li ho ,.I i I ;:Ii curvi'. it;

thai-t re i o. I le Ho e, hi(iwever, ;t11 1 fI Il di;t ill 'lid e 2. i re. ai7ilk ,,'d.

Thiis was done. by mlaking , fo. (each ft il!.lt i miit !at, cii~ rka tla ic fi

o thlroo a,ptr at e calibrat ion count i-ale' poivt';li Il Y F. I..

(nsIrl P I':NS ITY\ v aluecs of 'tl 2.4 1 \cI, , I is (I 1 i. ii,'i ilil

lI-.qitv -depe iiulelit count rate I.; N(,F , anid Iill,- m l4tv' icaii ; 1, lit ti V-

.otint ratec r esutlt s in 'Iable2..

The 1 a s i t oi i unIc r t. I 'I I v I IN C (I! / r I is o 1 ti tn '!I I fumn I ii (11 1

inc cooln? s, ani tli le (alilirat ion diAta. 'I lit- ira Itiomnvl 1,i '.taint v A in,

iviven by the ?-atio 1TNC/ DE-NSITY.



Table 2. 3 Low Backg roUd 13ctasondc l)ensity C(lib-
ration Data Recorded April 7, 1 97u.

PT RHO(G/M**3) CTS/SEC
01 00 0000.
02 02 0174.
03 04 0352.
04 06 0524.
05 08 0700.
06 10 0874.
07 12 1045.
08 14 1220.

09 16 1400.
10 18 1575.
11 20 1750.
12 22 1900.
13 24 2020.
14 26 2130.
15 28 2245. F
16 30 2345.
17 32 2440.
18 34 2530.
19 36 2620.
20 38 2705.
21 40 2790.

22 42 2880.

Tabhe 2.4 Low Backgr'utund lcta;kldc Mvaisuircd i

Tabulation for April 2-3, 1976 I'-lht

MEAN-LIFE*DAYS=1 378.

TIME FkOM CALDAYS=I6.
Clk. DEAD TIMESEC=.000185

UNITS:ALT=KMITIME-INT=SECJALL CTR=CPS DENLUNC=G/M**3

ALT TIME-INT OBSCTS CORCTk COSCTR DENCTk DENSITY UNC FRAC-UNC
64.0 5.5 80. 14.58 0.30 14.45 0.168 0.019 0.112
64.3 5.2 89. 17.17 0.30 17.07 0.198 0.021 0.106
64.2 5.4 85. 15.79 0.30 15.67 0.182 0.020 0.108
63.5 5.2 83. 16.01 0.30 15.89 0.185 0.020 0.110
62.9 5.1 102. 20.07 0.30 20.01 0.232 0.023 0.099
62.1 5.1 99. 19.48 0.30 19.41 0.225 0.023 0.100
61.0 5.2 130. 25.12 0.30 25.11 0.291 0.026 0.088
60.0 5.2 133. 25.70 0.30 25.70 0.298 0.026 0.087
59.1 5.1 156. 30.76 0.30 30.82 0.357 0.029 0.080
57.9 5.1 155. 30.56 0.30 30.62 0.355 0.028 0.080
55.9 5.1 219. 43.29 0.30 43.49 0.504 0.034 0.067
54.9 5.! 240. 47.47 0.30 47.72 0.553 0.036 0.064
53.9 5.1 259. 51.27 0.30 51.56 0.597 0.037 0.062
53.0 5.1 279. 55.27 0.30 5'-61 0.644 0.038 0.060
52.0 5.0 355. 71.94 0.30 72.48 0.839 0.044 0.053
51.2 5.2 376. 73.P9 0-30 73.3} 0. [54 0.044 0.051
50.5 5.0 376. 76.26 0.30 76.85 0.899 0.046 0.051

. ...1 I ," ' I 1 1 II



ALT TIME-INT OBSCTS COkCTN COSCTR DENCTR DIN SITY UNC PkAC-UNC
50.0 4.1 311. 76.93 0.30 77.53 0.897 0.051 0.05649.5 4.0 361. 91.78 0.31 92.54 1.069 0.056 0.05248.6 5.0 543. 110.83 0.32 111.80 1.290 0.055 0.04348.1 5.0 502. 102.30 0.32 103.17 1.191 0.053 0.04447.7 5.1 565. 113.10 0.33 114.09 1.316 0.055 0.042
47.2 4.0 467. 119.33 0.33 120.38 1.388 0.064 O..-G,6
46.8 4.0 485. 124.03 0.34 125.14 1.443 0.065 0.04546.4 4.1 495. 123.49 0.34 124.58 1 .437 0.064 0.045
45.8 2.0 307. 157.99 0.35 159.48 1.835 0.104 0.05645.3 4.0 650. 167.54 0.36 169.13 1.945 0.075 0.03945.0 4.0 626. 161o17 0.36 162.68 1.871 0.074 0.040
44.2 4.0 683. 176.32 0.37 178.00 2.044 0.075 0.03743.9 4.0 748. 193.70 0.37 195.58 2.239 0-079 0.03543.4 5.0 1047. 217.84 0.38 220.00 2.510 0.076 0.030
43.1 5.1 989. 201.14 0.38 203.10 2-322 0.072 0.03142.8 5.0 1093. 227.81 0.39 230.08 2.622 0.078 0.03042.5 5.0 1124. 234.55 0.39 236.90 2.699 0.079 0.029
42 2 5.1 1197. 245.36 0.40 247.82 2.821 0.080 0.028
41.9 4.0 942. 246.23 0.40 248.70 2.831 0,091 0.03P
41.7 4.0 1024. 268.73 0.40 271.46 3.086 0.095 0.03141.1 5.0 1408. 297.08 0.41 300.13 3.410 0.091 0.02740.6 5.0 1443. 304.88 0.41 308.02 3.499 0.092 0.026
40.5 5.0 1510o 319.87 0.42 323.19 3.671 0.095 0.02640.2 5.1 1538. 319.39 0.42 322.69 3.666 0.094 0.02640.0 5.0 1610. 342.40 0.42 345.97 3.931 0.098 0.025
39.7 5.0 1652. 351.91 0.43 355.59 4.042 0.103 0.02539.5 5.0 1742. 372.40 0.43 376.32 4.285 0.106 0.02539.3 5.0 1803. 386.38 0.43 390.45 4.451 0.108 0.024
39.o 4.0 1507. 404.98 0.43 409.27 4.671 0.123 0.026
38.5 4.1 1574. 413 25 0.44 417.63 4.768 O.123 0.02638.3 5.0 2007. 433.60 0.44 438.21 5.008 O.114 0.02338.1 5.0 2086. 452.09 0.45 456.92 5.225 0.116 0.02237.9 5.0 2228. 485.63 0.45 490.85 5.618 0.120 0.02137.6 5.0 2241. 488.72 0.45 493.97 5.654 O.120 0.021
37.4 5.0 2335. 511.16 0.45 516.67 5.916 0.123 0.02137.2 5.0 2385. 523.17 0.46 528.81 6.054 0.122 0.02037.0 5.0 2400. 526.78 0.46 532.47 6.096 0.123 0.020
36.8 5.0 2545. 561.,91 0,46 568.01 6.498 0.128 0.020
36.2 5.0 2808. 626.71 0.47 633.56 7.242 0.136 0.019
36.1' 5.0 2964. 665.82 0.47 673.12 7.693 0.141 0.01b35.9 5.0 2975. 668.60 0.47 675.93 7.725 0.141 0.018
35.7 5-0 2890. 647.21 0.48 654.28 7.478 0.139 0.014
35.5 5.0 3102. 700.84 0.48 708.54 8.097 0.145 0.O1
35./4 5.0 3098. 699.82 0.48 707.51 6.066 0.14': 0.01t35.2 5.0 3166. 717.22 0.48 725.11 8.286 0.147 0.038
35.1 5.0 3344. 763.23 0.48 771.66 8.819 O.253 0.01734.9 4.0 2655. 756.66 0.49 765.01 -.143 0.1 70 0.01934.5 5.1 3547. 798.19 0.49 807.02 9.226 0. 15 0.01734o4 5.0 3628. 838.10 0.49 847.39 9.692 0.163 0.017
34.3 5.0 3530. 812.06 0.49 PI.05 9.388 0.159 0.01734.1 5.0 3444. 789.39 0.50 798.11 9.123 0.156 0.017

] ' ,



'IabIQ 2. 4 (ConI.)

ALT TIME-INT OBSCTS COICT C0SCTR DENCTt, DENSITY UNC FRAC-UNC
34.0 5.0 3666. 848.26 0.50 857.66 9.811 0.164 0.017
33.9 5.0 3809. 886.78 0.50 896.63 10.267 0.171 0.017
33.7 5.0 3829. 892.20 0.50 902.11 10.332 0.172 0.017
33.6 5.0 4038. 949.45 0.50 960.04 11.012 0.177 0.016
3 .5 4.0 3283. 967.68 0.50 978.47 11.227 0.199 0.018
33.1 5.0 4097. 965.81 0.51 976.57 11.205 0.178 0.016
33.0 5.1 4227. 976.92 U.51 989.84 11.360 0.177 0.016
32.9 5.0 4359. 1039.44 0.51 1051.07 12.070 0.184 0.015
32.8 5.0 4363. 1040.56 0.51 1052.22 12.084 O.ld4 0.015
32.6 5.0 4580. 1102.90 0.51 1115.26 12.810 0.189 0.015
3P.4 5.0 -4735. 1148.15 0.52 1161.04 13.332 0.192 0.014
32.2 5.0 4755. 1154.04 0.52 1166.99 13.400 0.192 0.014
32.1 5.0 4895. 1195.53 0.52 1208.96 13.876 0.195 0.014
32.0 4.0 3944. 1205.98 0.52 1219.54 13.995 0.219 0.016
31.6 5.0 5055. 1243.60 0.53 1257.59 14.413 0.195 0.014
31.5 5.0 5353. 1335.01 0.53 1350.07 15.,439 0.206 0.013
31.3 5.1 5316. 1291.38 0.53 1305.92 14.947 0.199 0.013
31.2 5.0 5271. 1309.61 0.53 1324.37 15.153 0.203 0.013
31.0 5.0 5406. 1351.54 0.53 1366.78 15.627 0.208 0.013
30.8 5.0 5701. 1445.00 0.54 1461.34 16.701 0.221 0.013
30.7 5.0 5707. 1446.93 0.54 1463.29 16.723 0.221 0.013
30.5 5.0 5901. 1509.86 0.54 1526.95 17.451 0.227 0.013
30.4 4.0 4735. 1515.67 0.54 1532.83 17.518 0.255 0.015
30.0 5.0 6338. 1655.92 0.55 1674.71 19.096 0.-43 0.013
29.9 5.0 6418. 1683.33 0.55 1702.44 19.421 0.253 0.013
29.7 5.0 6332. 1653.88 0.55 1672.64 19.072 0.243 0.013
29.6 5.0 6350. 1660.02 0.55 1678.85 19.144 0.245 0.013
29.5 5.0 6462. 1698.50 0.55 1717.78 19.605 0.258 0.013
29.3 5.0 6764. 1804.38 0.55 1824.89 20.929 0.296 0.014
29.1 5.0 6708. 1784.51 0.56 1804.79 20.666 0.283 0.014
29.0 5.0 6757. 1801.89 0.56 1822.37 20.896 0.294 9.014
26.9 4.0 5757. 1961.53 0.56 1983.87 23.378 0.444 0.019
26.6 5.0 6895. 1851.29 0.56 1872.34 21.589 0.327 0.015
28.5 5.1 7383. 1977.16 0.56 1999.68 23.648 0.400 0.017
28.3 5.0 7335. 2013.44 0.57 2036.38 24.303 0.439 0.018
28.2 5.0 7454. 2058.54 0.57 2082.01 25.138 0.437 0.017
28.1 5.0 7724. 2162.94 0.57 2187.63 26.962 0.433 0.016
27.9 5.0 7764. 2178.66 0.57 2203.53 27.242 0.445 0.016
-7.7 5.0 7901. 2232.98 0.57 2258.48 28.263 0.498 0.018
27.6 5.0 7778. 2184.17 0.57 2209. 27.341 0.449 0.016
-7.4 4.0 6502. 2324.53 0.58 2351.09 30.125 0.599 0.020
P7.2 5.0 8424. 2447.73 0.58 2475.73 32.794 0.599 0.018
27.1 4.0 6541. 2344.52 0.58 2371.31 30.542 0.609 0.020
27.0 5.0 8401. 2438.03 0.58 2465.91 329576 0.598 0.018
26.9 !.O 8239. 2370.40 0.58 2397.49 31.091 0.558 0.018
26.7 5.0 8719. 2574.27 0.59 2603.74 35.629 0.632 0.018
26.6 5.0 8675. 2555.13 0.59 2584.38 35.194 0.(20 0.018
26.5 5.1 8509. 2413.33 0.59 2440.92 32.020 0.588 0.018
26.3 5.0 8914. 2660.17 0.59 2690.64 37.662 0.671 0-018
26.? 5.0 8892. 2650.39 0.59 2680.74 37.429 0.669 0.018
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The array of 118 altitudes z., measured densities p. and frac-

tional statistical uncertainties A given in Table 2. 4 are the input data

for the least square mathematical procedure described in Section 2. 2. 2.

2. 2.4 Results of Analytical Fit for April 23, 1976 Low Background
Betasonde Flight

By use of the data in Table 2. 4 for z., p. and A., the least squareo 1 .

procedure was applied for j = 2- 5 to obtain 1he values for the coeffi-

cients A.. For each set of solutions, the results for rns sum of the

weightec deviations between the analytical fit and experimental points A

was determined. This is the quantity that was minimized to produce the
solution obtained. Ac, the rms unweighted deviation sum, was also (al-

culated from (2. 14); both A and Ac are to be compared to Am, the rnis

fractional uncertainty, from (2. 12). Results for all of these parameters,
along, with p from (2. 17), are given in 'Fable 2. 5,

The rnis fractional uncertainty, Am, is independent of i and has

the value 0. 039. As noted above, a satisfactory fit is on,, in wilich the

difference between Ac and Am is acceptably small.

Model fitting often requires use of 10 to 14 coefficients in a similar

procedure to obtain what is considered to be an adequate fit. 1l1er , we

found that for the particular experimental data used, 4 or 5 art suffi-

cient to provide a fit whose accuracy is consistent with the accuracy of

the data. Thus, as seen fromr the table, A dcrteases rapidly as j1
goes from 2 to 3, but with j as large as 5, the accuracy of the it is
marginally better. Ac appears to go through a minimuni atI = 4. As
observed above, a fit derived by minimizing A, the rrns sum ofli the de-

viations weighted inversely with the uncertainties, is taken here as the
proper procedure to follow. This causes those points with most accuracy

to produce the most effect on the fit. However, such a fit should not be

all ,wed to produce a large value of Ac, the rns sum of the unw-ight ed

deviations. In view of the fact that there is undoubtedly some short-term

atmospheric variability in density, it is unlikely that a fit in which Ac

approaches Am much more closely than in the present case would he
expected. Thus, in the present instance at least, a criterion for select -

iig the most satisfactory of the fits obtained by minimizing A, is that
particular one for which Ac is a minimum; jI = 4 here. Whether such

a dependence on j will always occur is not presently known. When the

results of additional flights are available, futher investigation of the
method of selecting the optimuni fit should tb, nuade,
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The quantity R(z) given by (2. 18) i.-, actually t.oe 5used ill (2. 10) to pro-
vide the optimum analytical fit to the data. l[ow,.vc.r, for p)rpo.(1'. of c- am-
parison with models it is usefut to haveI he valluc of I 1(z . Thi.s: kl he. do-
terrninled as follo\s. Note from (2. 1))that

1H(z) = -1 d (2. 19)

But, from (2. 10) for the fit used here this -'ires

H(z) =I/, ( -,) (2.20)

Usec of (2. 18) then yields

li(z) - A. (j - 1 )z- , ).2 (2. 2 )

Cons equ cntly, onc e the A have been d (terlin in cd it is po ss ibl e to cal ( t]late
the value of 11(z) as welli as fl(z),

For the fit with J = 4, results are Oiven in Table 2. 6 and Figures
2.2 and 2. 3. The first three colum,ts of he, table givc z i ,  i_ and A,, i (ALT,
DENSITY and UNC in Table 2.4). The next three give p (z), fl(z), and l(z)

as calculated from (2.10), (2.18), and (2.21 ), r espectively. The nt,xt column
gives the fractional difference between measured pi and calculated p)(z).
The final coluin, labeled RMS FRAC, is a running rmn:- average of illth

fractional differcnce for that altitude with that of the foilr prc-ious (higher
altitude points). 1tence, it is assigned the value zc-o for lhe four hili est
altitude points.

Examination of th, variation of RMS ,'lFAC \% it altitude shox\., c

regiOlns in which the best fit is obtained. At th- hii i,,,st altitudes tlc avcr-

age differenC e for any single point is as hi Ii as 7 , dle" to l' . i ll

lllllheI O" (-of tltS recor-dd hiere. As the cmb, . descends ii goes ilroll.,h

t , egion wher e the average difference is on lie order (if ' h Ther c is

hox ever, a lower altitude region (below .(bout 20 kln 1 in \ hieh be.ta l'ir-

ti ce energy loss do n-inat e s the effocts of s c att ering, and I he c o rli rat

decreases is z decreases (Rxef, 1. 3). Thus. near 20 n there is littl(

variation of count rate with z, and the delnsit y un cer eainlv b 'ccOmes very

large in spite of the large count rates. This r etgion is bim a ppr a ched

20
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rable 2.6 Altitude Dpendncc R .sults of

Analytical Fit for I. l B" light on

April 2 i, 1

ili

RESULTS OF FIT
j A(J)
I -0.35753E+01
2 0.17017E+00
3 -0.76747E-03
4 -0.18776E-05

Z0= 26.2 KM
FH00= 35.707 G/M**3

RMS FRAC=FRMS AVG OF PREV 5 DIFF FRACS

ALT RHO-MEAS UNCER RHO-CALC HBAR(Z) H(Z) DIFF PMS
KM G/M**3 G/M**3 G/M**3 HM KM FPAC FRAC
64.0 0.168 0.019 0.190 7.221 9.606 -0.117 0.000
64.3 0.198 0.021 0.184 7.236 9.661 0.073 0.000
64.2 0.182 0.020 0.186 7.231 9.642 -0.024 0.000
63.5 0.185 0.020 0.201 7.198 9.516 -0.077 0.000
62.9 0.232 0.023 0.214 7.170 9.412 0.086 0.081
62.1 0.225 0.023 0.233 7.133 9.276 -0.033 0.064
61.0 0.291 0.026 0.262 1.083 9.096 0.109 0.073
60.0 0.298 0.026 0.293 7.038 8.940 0.017 0.073
59.1 0.357 0.029 0.324 6.998 8.805 0.100 0.078
57.9 0.355 0.028 0.372 6.947 8.632 -0.046 0.071
55.9 0.504 0.034 0.471 6.862 8.360 0.070 0.077
54.9 0.553 0.036 0.532 6.821 8.232 0.040 0.062
53.9 0.597 0.037 0.601 6.781 8.108 -0.006 0.061
53.0 0.644 0.038 0.672 6.745 8.001 -0.041 0.046
52.0 0.839 0.044 0.762 6.706 7.885 0.101 0.061
51.2 0.854 0.044 0.844 6.675 7.796 0.012 0.052
50.5 0.889 0.046 0-923 6.648 7.719 -0.037 0.052
50.0 0.897 0.051 0.985 6.629 7.666 -0.090 0.066
49.5 1.069 0.056 1.052 6.611 7.613 0.016 0.063
48.6 1.290 0.055 1-185 6.577 7.521 0.089 0.060
48.1 1.191 0.053 1.267 6.559 7.471 -0.060 0.065
47.7 1.316 0.055 1.337 6.544 7.431 -0.015 0.063
47.2. 1.388 0.064 1.430 6.526 7.383 -0.029 0.051
46.8 1.443 0.065 1.510 6.512 7.344 -0.044 0.054
46.4 1.437 0.064 1.594 6.498 7.306 -0.099 0.057
45.3 1.835 0.104 1.731 6.476 7.250 0.060 0.057
45.3 1.945 0.075 1.855 6.459 7.205 0.048 0.061
45.0 1.871 0.074 1.935 6.448 7.178 -0.033 0.061
44.2 2.044 0.075 2.164 6.421 7.106 -0.055 0.063
43.9 2.239 0.079 2.257 6.410 7.080 -0.008 0.045
43.4 2.510 0.076 2.423 6.393 7.037 0.036 0.040
43.1 2.322 0.072 2.529 6.383 7.012 -0.082 0.049
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TabIe .0. , (cont'd)

ALT RHO-MEAS UNCER RHIO-CALC HBAR(Z) H(Z) DIFF PMS
KM G/M**3 G/M**3 G/M**3 KM KM FRAC FRFC

42.8 2.622 0.078 2.639 6.373 6.986 -0.007 0.047
42.5 2.699 0.079 2.755 6.363 6.961 -0.021 0.041
42.2 2.821 0.080 2.877 6.353 6.936 -0.019 0.042
41.9 2.831 0.091 3.004 6.343 6.912 -0.058 0.047
41.7 3.086 0.095 3.093 6.336 6.895 -0.002 0.029
41.1 3.410 0.091 3.375 6.316 6.847 0.010 0.029
40.8 3.499 0.092 3.526 6.307 6.823 -0.008 0.028
40.5 3.671 0.095 3.685 6.297 6.800 -0.004 0.027
40.2 3.666 0.094 3.852 6.287 6.776 -0.048 0.022
40.0 3.931 0.098 3.967 6.281 6.761 -0.009 0.023

39.7 4.042 0.103 4.148 6.271 6.738 -0.025 0.025
39.5 4-285 0.106 4.273 6.264 6.722 0.003 0.025
39-3 4.451 0.108 4.402 6.258 6.707 0.011 0.025
39-0 4.671 0.123 4.604 6.248 6.684 0.015 0.015
38.5 4.768 0.123 4.962 6.233 6.647 -0.039 0.022
38.3 5.008 0.114 5.114 6.226 6.632 -0.021 0.021
38.1 5.225 0.116 5.271 6.220 6.618 -0.009 0.022
37.9 5.618 0.120 5.433 6.214 6.603 0.034 0-026
37.6 5.654 0.120 5.685 6.2k74 6.582 -0.006 0.025
37.4 5-916 0.123 5.861 6.198 6.567 0.009 0.019
37.2 6.054 0.122 6.043 6.192 6.553 0.002 0.017
37.0 6.096 0.123 6.230 6.186 6.539 -0.022 0.019
36.8 6.498 0.128 6-424 6.180 6.525 0.012 0.012
36.2 7.242 0.136 7.045 6.161 6.483 0.028 0.017
36.1 7.693 0.141 7-154 6.158 6.476 0.075 0.038
35.9 7.725 0.141 7.379 6.152 6.462 0.047 0.043
35.7 7.478 0.139 7.611 6.146 6.448 -0.017 0.043
35-5 8.097 0.145 7.851 6.140 6-435 0.031 0.045
35.4 8.086 0.145 7.974 6.137 6-428 0.014 0.043
35.2 8.286 0.147 8.226 6.131 6.414 0.007 0.027

35.1 8.819 0.153 8.356 6.128 6.408 0-055 0.030
34.9 8.743 0.170 8.621 6.122 6.394 0.014 0.020
34.5 9.226 0.156 9.179 6.110 6.368 0.005 0.027
34.4 9.692 0.163 9.324 6.107 6.361 0.039 0.031
34.3 9.388 0.159 9.472 6.104 6.355 -0.009 0.031
34.1 9.123 0.156 9.775 6.098 6.341 -0.067 0.036
34.0 9.811 0.164 9.930 6.095 6.335 -0.012 0.035
33.9 10.267 0.171 10.088 6.092 6.328 0.018 0.036
33.7 10.332 0.172 10.413 6.086 6.315 -0.008 0.032
33.6 11.012 0.177 10.579 6.083 6.309 0.041 0.036
33.5 11.227 0.199 10.748 6.080 6.303 0.045 0.029
33.1 11.205 0.178 11.454 6.068 6.277 -0.022 0.030
33.0 11.360 0.177 11.638 6.066 6.271 -0.024 0.031
32.9 12,070 0.184 11.825 6.063 6.264 0.021 0.032
32.8 12.084 0.184 12.015 6.060 6.258 0.006 0.026
32.6 12.810 0.189 12.406 6.054 6.245 0.033 0.e23



Table 2. 6 (cont'd)

ALT RHO-MEAS UNCER RHO-CALC HBAR(Z) H(Z) DIFF PME
KM G/Ms*3 G/M**3 G/M**3 KHM KM FRAC FFAC
32.4 13.332 0.192 12.810 6.048 6.233 0.041 0.027
32.2 13.400 0.192 13.228 6.042 6.221 0.013 0.026
32.1 13.876 0.195 13.443 6.039 6.214 0.032 0.028
32.0 13.995 0.219 13.661 6.037 6.208 0.024 0.030
31.6 14.413 0.195 14.572 6.025 6.184 -0.011 0.027
31.5 15.439 0.206 14.810 6.022 6.178 0.043 0.027
31.3 14.947 0.199 15.297 6.017 6.165 -0.023 0.029
31.2 15-153 0.203 15.548 6.014 6.159 -0.025 0.027
31.0 15.627 0.208 16.061 6.008 6.147 -0.027 0.028
30.8 16.701 0.221 16.593 6.002 6.135 0.007 0.027
30.7 16.723 0.221 16.866 6.000 6.129 -0.008 0.020
30.5 17.451 0.227 17.426 5.994 6.117 0.001 0.017
30.4 17.518 0.255 17.713 5.991 6.112 -0.011 0.014
30.0 19.096 0.243 18.914 5.980 6.088 0.010 0.008
29.9 19.421 0.253 19.227 5.977 6.082 0.010 0.009
29.7 19.072 0.243 19.870 5.972 6.071 -0.040 0.020
29.6 19.144 0.245 20.200 5.969 6.065 -0.052 0.031
29.5 19.605 0.258 20.536 5.966 6.059 -0.045 0.036
29.3 20.929 0.296 21.226 5.960 6.047 -0.014 0.037
29.1 20.666 0.283 21.941 5.955 6.036 -0.058 0.045
29.0 20.896 0.294 22.307 5.952 6.030 -0.063 0.050
28.9 23.378 0.444 22.681 5.949 6.025 0.031 0.046
28.6 21.589 0.327 23.840 5.941 6.008 -0.094 0.059
28.5 23.648 0.400 24.241 5.938 6.002 -0.024 0.060
28.3 24.303 0.439 25.063 5.933 5.991 -0.030 0.055
28.2 25.138 0.437 25.485 5.930 5-985 -0.014 0.048
28.1 26.962 0.433 25.914 5.927 5.980 0.040 0.050
27.9 27-242 0.445 26.797 5.922 5.969 0-017 0.027
27.7 28.263 0.498 27.711 5.917 5.957 0.020 0.026
27.6 27.341 0.449 28.180 5.914 5.952 -0.030 0.026
27.4 30.125 0.599 29.144 5.909 5.941 0.034 0.029
27.2 32.794 0.599 30.143 5.903 5.930 0.088 0.046
27.1 30.542 0.609 30.655 5.900 5.925 -0.004 0.045
27.0 32.576 0.598 31.178 5.898 5.919 0.045 0.049
26.9 31-091 0.558 31.709 5.895 5.914 -0.019 0.047
26.7 35.629 0.632 32.801 5.890 5.903 0.086 0.059
26.6 35.194 0.620 33.361 5.887 5.898 0.055 0.051
26.5 32.020 0.588 33.932 5.884 5.892 -0.056 0.057
26.3 37.662 0.671 35.105 5.879 5.882 0.073 0.062
26.2 37.429 0.669 35.707 5.876 5.876 0.048 0.065

TOT. FMS FRAC. RHOMEAS-RHOCALC DIFFm 0.04475
TOT. RMS FRAC. RHOMEAS. UNCERTAINTYu 0.03909
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at the lowest altitudes in Table 2.6, which accounts for much of th. aver-

age difference of about 5% there. As noted previously, th. 4 measurc'-

nlt fs made in the vicinity of the 64 kin apo e diMrin.g a pI.rir r of al))out

20 seconds are particularly important, since the sonde deseends rapidly

for some distance thereafter. The data from thli(e four points (-(il(1 h ;vt.

been averaged together to give one measur cmnt at the aVerage alt itude of

64.0 ki. The result would have been 0t. 18 g/n \ with a fractiolat 1i" er-

tainty of .054 (about half that of each of tIh. four points). 1'le call ulat ed

result froam the fit is .190 g/m0, a fractitmal differcuce of only .0) .

Thus, these four points, as utilized with least square proc edir e, s ervo.
to define p (z) accurately in the apogee al it kdc r egion.

It is of interest to conpare t i 1I(z) va Intes witli thos, of an approp-

riate nodel atmosphere, such as that of the Spring/l"all Mid-Latitude Model

(Il ef. 2. 4 ). Values of 11(z) are not given in that particitlar mod el. It is

straightforward, however, to derive the associated Il(z) by fitting th. two

p(z) values that bracket the altitude of intc.-est. By usc of this prot durc

and the results of Table 2.6 we obtain the folloxinv,:

Table 2. 7

UitaMS0i u otf St It Hiights
for 4/23/7( 1'Ii-ht

(k in) 1 r dc I(kill) 1l it (kill)

.:q6. 8 . 5

0 o,. 50 0. 01)

".41 t,..10
40 o. 8: . "

.1- 8. 1!-1,
S. t t. .

0o 8. I I . i4
t .(S *,1. 7

lit'e i-al the 11(z) values t r.'i. the r, l lalytic.l fi ri f :Il ightl \ IWtl w t ,,'-Sc
,, tli,' nodell ~In th.t" 22"-J t0 li.ti r'i'- inol, tI,',' inl tii' %'-, I in reg' i,,, .ini~

.',io '\ hi t hight' o ill tl t -( k i re gioll. (lt.;iiiiy, the : t it't is

rc ' .i-,maiit lile n tn iew axe i.\ c.
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2. 2. 5 Discussion

In sumnnary, we beliewv that the r, suIlts of applying the least sqtuare

mathematical procedhire dcvcloped in Sc tion 2. 2. 2 to the LBB flight data in

Section 2.2.3 shov the procedure to be valid. An ac-tratc atnalytical fit was

obtained that is capable of representing thc entire tabula r array of data,

and we believe that the procclure should bk. appljed( to future LM), or Beta-

sonde 11 flights.

It should be observed that a sinilar procedure can also hc applicd to

other altitude-dependent measurements, for example tempe rature and pre s-

sure, provided a tabular array of the nicasured quantity, and its incertainty,

is available. In the case of pressure measurements the above procedure

could be used almost in its exact forni, since pressure also dept tids ('xpo-

nentially on altitude. For tempi& raturec the analytical function would have

to be chosen to represent, in an avera e nanner, thi known variation of

that quantity with altitude.
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3. BETASONDE II DESIGN AND OPERATION

In this section the design of the advanced model, Betasonde II, is given,

and details of the unit, as fabricated, are presented. Betasonde 11 is pre.scnt-

ly available for flight and could readily be fitted into rockets other than t he

Areas.

3. 1 Description

A photograph of the completed sonde, which was originally designed for
flight on an Arcas rocket, is shown in Fig. 3.1. The basic configuration is given

in Fig. 3.2. A tripod-supported boom carries the annular beta source which ir-

radiates the air volume in the region between source and detector, outside the

shield. The forward-scattered beta rays are detected by a surface barrier
type semiconductor detector located at the base of the tripod. A shield is

placed between the source and detector to prevent direct passage of beta par-

ticles from the source to the detector. A plastic disc is placed on the side of

the shield that faces the source, in order to reduce brcnmsstrahlung generation.

The distances of the source to the detector and to the shield are fixed for ,,pti-

mum system response characteristics. Work to optin-lize that response was

carried out during the development phase of this contract and is contained in
our report: Atmospheric Density Mea sur ement In The Middle At mosph r,

(Ref. 1.1).

The original concept of the high-altitude Bctasonde ut ili;:ed an anmnlar
surface barrier detector with the source boom mounted through the cent or
of that detector. Although this arrangement has the advantagye of sinplt'

mechanical construction, it has been found that the cost of a ruggedized,

light weight, annular detector outweighs these advantages. The choice of
the below described non-annular detector is based on its cost effectivencss

and on the manufacturer's experience with the construction of such a special
det ect or.

Fig. 3.1 Photograph of Completed

Betasonde II Atmospheric
Density Sonde
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The detector is a ruggedized surface barrier type with an active area
of 450 ,nm 2 , sufficient to give a reasonable count rate up to an altitude of
80 ki. Since a standard detector inherently responds to light in the visible
spectrum, it is necessary for this application to have a specially processed
detector featuring a light-tight front surface. According to the manufacturer
(Ortec, Inc.) a light-tight front surface can be obtained with 120jIfg/cm 2 of

aluminun, which is vapor deposted directly on the detector material. The
latter is p-type silicon (rather than the standard n-type) in order for the
aluminum to become the rectifying contact of the surface barrier diode, and
thus the front of the detector. Other features of the detector are low noise
(18 keV max for beta particles) and a depletion depth of 300gtm at a bias of

100V. The relatively low bias voltage is a desirable feature, simplifying
the design and assuring low power dissipation of the bias voltage supply.

The source consists of an annular disc with the radioisolope (Pni-147)
deposited an( sealed on the underside (if it. The center hole of the disc is
tapped for convenient mounting to the boom. A con fabricated from alum-
inum serves as a protective covr and firmily holds the source in place.
Source intensity is of the order of 500 mCi for 80 kmr, naxiimun allit ud,.

The lower portion of the sonde contains Al n-ces s sary ,Ifctronics to
process the signals from the detector and to supply t he rcquircd powk'r for
the electronics as well as the detector. The syst ei l drcililry is hois ed in
a cylindrical container, constructed of alumiinum \\ith a diaineter of 3-1/2 in.
by 6-3/8 in. long. The charge sensitive preamplifier (CSPA) is add itionally
shielded by its own housing to protect it from vlectro-mlagnetic interference.
The rest of the electronics is mounted on three prin td circuit boards which
individually plug into a motherboard. The internal power supplies (DC/DC
converters) are mounted to the bottom cover for improved heat transfer to
the outside environment.

The telemetry antenna, not shown in Fig. 3.1, may be attached to the boon)
and along one leg of the tripod. Grommets in the top and bottom of the (clec-
tronics housing are provided for a coaxial antenna feed line which would pass
through the housing. The mechanical interface of the rocket telenetry ,cc-
tion and the sonde simply consists of four threaded spacers used to bolt the
two units together. Electrically the two units are hard -wired together.

3. 2 ' Operation

The electronic system of the sonde is illustrated in block diagrain form
in Fig. 3.3. The instrument consists essentially of a solid stato (let ('-, r /a fip-
lifier/threshold discriminator chain driviniz selc-tivly a binary dividfhr or
passing right through to be applied to t elemctry (TM) after suitable shiipinm
and multiplexing with detector t emperature i nfrnmation.

:This is for a 500 mCi source iltensity.
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The two signals (pulses or temperature) are alternately applied to TM
by mcans of the multiplexer. A more detailed description of the system is

given below.

The forward-scattered beta rays incident on the solid state det ector pro-
duce hole-electron pairs in the silicon detector (1 hole-electron for each 2.3
eV of deposited energy) which are swept up by the electric field crcated by the
bias voltage, resulting in a charge pulse proportional to the incident deposited
energy at the detector output. Overbiasing t he solid stat c d-t ect or to i-I 10V
assures that it is totally depleted and will remain so tinder 'arying ambie.nt
conditions; and all charge will be collected.

The charge pulse is converted to a voltage pulse by tile chare sensitive

preamplifier (CSPA) and is then amplified and shaped by the shaping amplifiers.
Double differentiation/double integration shaping is used for near optinmum sig-
nal to noise ratio. Use of a charge sensitivie preamplifier assures that the
shaping amplifier output conversion gain of 4 volt s per MeV of deposit (d cncr -
gy will be insensitive to variation in solid state det ector or stray capacitances.

An output pulse is produced by the threshold discriminator (Th. Disc.) each
time the shaping output level exceeds the fixed reference level. This reference
is set at a voltage equivalent to about 2.5 tinies the energy noise level of the de-
tector. As stated above, the maximurn FWHM noise output from the detector
is 18 keV - including electronics noise - which results in an energy thretshold
level of 45 keV. The discriminator pulses are standardized as to pulse width
and height with a monostable multivibrator or One-Shot (O/S).

I'he One-Shot output pulses arC simultaneously ap)lied to a binary Dlividcr
(1- 8), an OR gate (Select) and a Digital Ratcne'ter. As 1onL as lhe 1/S pulse
rate does not exceed about 10 kcp:; the O/S pulse-s are directly ut puIt ! the
TM via the OR gate to give the desired air dclsity informl;tin. If thec count
rate exeeds about 10 kcps, the output is sclected fron IIt,, - circlit, tius
ext,-nding the maximum possible input count'mli, rat e by a factor ,f ,. T ,'
select ion process is based on the ratenieter output and its associated ceml
and lo zic circuits. The state of the ratenet er out put is coa ntinuusl," sa mpll'd.
When the input count rate exceeds 10,240 cps th output gots lnw and tle con-
trol circuit selects the -8 output as the air density infornatiom chanmnl for
TM. Below that c(unt rate threshold the, ()/S pulses are directly rout ed t
TM via the Select gate. The Clock and Delay circuits associated With the
Ratemeter and Control provide the necessary logic signals for the satipling
operation and furnish a time base for the Ratt'nieter.

The t enperature of the solid state detector is continuously mreasumed
with a small thermistor bead in contact with the detector housingt. The out-
put voltaige of the thermistor varies according to !enperature in a non-linear
fashion and is processed by a volt age to frequency convert er ill the Tempera -

ture Monitor circuit. Full scale output is 200 Ilz at 41, 0"C( nOn-Iin,'arly



decreasing to about 40 Iz at -10 0 C. This range gives ample margin for the
expected temperature extrenes of 00 to +45 0 C derived from measurements
of other payloads flown on Arcas rockets. The range also covers the upper
operating temperature limit of the detector of 450 C.

Since the TM transmitter can only handle one information channel, the
selected pulse output and the Temperature Monitor output are multiplexed.
Time allocation is: 50 seconds for pulse output, 5 seconds for temperature

output. The FM/FM transmitter can process signal rates of up to 10 kHiz.

To achieve sufficient bandwidth for a pulse output, a dead time circuit in the
Pulse Shaper limits the pulse repetition rate to 5 kIlz. Since the sonde input

pulse rate can exceed that rate, up to 10 ki-z, a dead timei correction must
be applied as described in the annual report (Ref. 1.1). Also inclucied in the Pulse
Shaper is a level tr,'nslator converting standard logic pulses to a 0 to -1ZV

pulse of 40ps duration. This makes the output compatible with FM/FM trans-
mitters previously flown on Arcas rockets.

All necessary power for the system is derived from 2 DC/DC converters

connected to the +28V battery pack of the TM section. The low voltage con-

verter delivers +1ZV at +22 ma and -16 ma, respectively. The H. V. conver-
ter delivers +11 OV at max 4 ma. The power requirement for the battery is
28V at 120 ma for the above output power.

For completeness, the detailed schematics of the various circuits of the

block diagram are included in this report, aznd are contained in Figs. 3.4 thril

3.7. These show the as-constructed circuits contained in the completed sonde

in Figs. 3.1 thru 3.3.

3. 3 Prometheum Radiation Source

A Pr-147 source of intensity 500 mCi was ordered fron Isof ope I 'rOd-

ucts Labs in October, 1977. When re('ccive'd, however, or mCas r,'ii tnts

indicated an actual emission less than 100 mCi. It was returned to l11, for

possible repair, but when returned, it was of the same intcnsity. Thus,

all mxeasurements reported above were made with the older Pm -147 soure,

which had an emission near 100 mCi when used. We believe it likely that
the specific activity of the isotope used to prepare the II-I, source was not
as high as necessary. We feel certain that a source with > 500 mCi Im- 147

emission can be fabricated. But it will require more procurement effort
and quality assurance than was possible during this limited progran.
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3. 4 Specifications

The pertinent parameters of the Betasonde II atmospheric density serndL

are tabulated below:

Altitude Range: 25-65 km

Beta Source* Prn-147, approx. 100 mCi

Detector Surface barrier p-type silicon detct or, light-tig ht,

450 mm z , 300 4nm depletion depth.

Telemetry Output Two multiplexed outpul s: Air deni:.ity pulses out fur

50s, detector temp. pulses out for 5s; 41is pulse-s,

0 to -12V of 5 kcps max. repetition rate :'*

Size 3-1/z in. diameter by 6-3/8 in. long electronics

housing with integral boom extending 8-1/2 in.

above housing.

Weight Total 1.87 lbs (850g)

Power 28V at 120 ma from battery external to betasonde

,:The altitude range can be significantly extended upward by use of a more

intense beta source. For a 500 mCi source the altitude maxinum) would

be 80-90 km depending upon the trajectory characteristics.

::*This hnplies that if betasonde is used with other than standard Arcas 1680 MlIz

transmitter, the TM channel used must be capable of 5 klIz niaxinim trans-

mission. Capability to count the pulses is all tlhat is rtquired, so iha som,.

pulse shape dist ortion by the transmitter can be tolerat cd.

;8



4. SUMMARY AND CONCLUSIONS

During Phase I, Research and Development, the following was ac-

complished.

1. A technique was developed for making an analytic fit to an

entire array of density versus altitude data on a least-square-

basis. The procedure was applied to data from a Low Back-
ground Betasonde flight with ,ood results.

2. By use of theoretical calculations and experimental mevasure-

ments, it was shown that Prn-147 is the optimum choice source

for the single-scattering betasonde. This conclusion would he
modified if it were possible to reduce the energy threshold (that

energy above which all betas are counted), to about I0-20 1;eV.

In that case, Ni-63 would probably be optinum , and the 11n;jxi-

niuin altitude could be above 100 h n.

3. A laboratory model of Betasonde I, the semiconductor-(etector

version, %,as constructed and calibrated with PIn-147. Altlmough

some wall-effect count rate was evident at very low (hnsitic.'
(due, apparently, to the open geonet ry of the clctector), it was

possible to obtain meaningful calibration data.

4. The calibration data were used to show that with a Prm-147
source of about 500 mCi, it should be possible to obtain about
+ 60/0 accuracy in the 90 km region for an Arcas launch havintz

apogee near that altitude. Below that altitude the accuracy

would be better.

During Phase 11, Design and Fabrication, the following was accom-

plished.

1. The design of the electronics circilitry was completed. This in-
cludes the preamplifier, analog processing, digital logic, timing and output

pulse shaping circuitry. The total power rcluir (ecni vas Ittcrnicd ;is

given in the Specificat ions, Section 3.

2. Breadboards of all circuit.; were constriucted in order to vcrif i

tile design r equir emuent.s and goals over t11, cxpit c d t iii p.r ature r, nic.

3. The procurement of the annular Pn- 1-7 source froii Isolop.

Products Labs was prepared and was confirmed on Oetobe,- 17, 1,)77.

When the source was delivered, it (lid not havye the 500 mCi enmissiol c-x

pected. A proper source can be obtained, but wouIld r'qir mr e tins,

and effort than could be applied under the present pro ram.

Iii )



4. During the final portion of Phase II the Betasonde was fabricated,

tested and calibrated. It meets all of the original design objectives and,

with proper radiation source, would be capable of providing density alti-

tude profiles to at least 80 km - 90 km.

As described in Section 1, the final phase of this program would be

Flight and Data Analysis. During this phase of the work (not presently
funded by the Army Research Office) the instrument must be integrated
into an Areas (or other rocket) payload for launch, and calibrated at both

Panametrics and in a large (40' - 60') chamber in order to verify the high

altitude (> 70 kni) portion of the calibration curve. The Betasonde I
should then be flown to the 80-90 km region at least twice, and the analy-
tical fitting procedure described above should be applied to Ihe data. This
will form the basis for routine direct measurement of atinospheric density

up to at least the 80-90 kmn region, with possible extension to 100 Iui by
use of more intense sources or lower electronic noise electronics. Should
this prove to be feasible, as is expected based on the prse nt results, it

would then be useful to consider application of he technique up to the 100 lkm1

rcgion either by use of a more intense source (several kCi), by de1vcloping
detection techniques allowing a lower energy threshold 10-20 kcV) ) 0,v-

binc l with a low energy beta source like Ni-u3, or a coniIination ofthese m'c'i ei'-c;.

Inasmuch as the U.S. Government has a considerable invcstnmeni

in this sonde at this time, we believe thit it should be utilize'd in ihe fti..',lt

program recommended above.
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